Summary. Follicular growth rates were studied in 5 Hereford-Holstein cross heifers on Day 14 of the oestrous cycle. The granulosa cell mitotic index (MI) was measured in non-atretic antral follicles of various diameters (0\ m=. \ 13\ p=n-\ 8\ m=. \ 57mm) from Bouin-fixed ovaries collected before (199, control) and 2 h after colchicine treatment (189, treated). In control ovaries, follicles of 0\m=.\68\p=n-\1\m=.\52mm had a higher MI than those of other size classes (P < 0\m=.\05). In colchicine-treated ovaries, the MI of follicles ranging from 0\m=.\68 to 8\m=.\57 mm increased more than that of other sized follicles, so that the mitotic time was shorter (0\m=.\78 h vs 1\m=.\32 h) in medium and large sized follicles (0\ m=. \ 68\ p=n-\ 8\ m=. \ 57mm) than in smaller follicles (0\ m=. \ 13\ p=n-\ 0\ m=. \ 67mm). Calculations based on the number of granulosa cells in follicles of various classes and from the time required to double the number of cells within a follicle indicate that a follicle takes 27 days to grow from 0\m=.\13to 0\m=.\67 mm, 6\ m=. \ 8 days from 0\m=.\68 to 3\m=.\67mm and 7\m=.\8days from 3\m=.\68to 8\m=.\56 mm, indicating that growth rates varied with the size of the follicle. A period equivalent to 2 oestrous cycles would therefore be required for a follicle to grow through the antral phase, i.e. from 0\m=.\13mm to preovulatory size. Increased MI, decreased mitotic time and increased atresia found in follicles larger than 0\m=.\68mm could indicate a change in the follicular metabolism during its maturation.
Introduction
Rates of follicular growth are known for several small mammals (Peters & Levy, 1966; Pedersen, 1970; Oakberg & Tyrell, 1975; Chiras & Greenwald, 1977; Hirshfield, 1984) and for women (Gougeon, 1982) . In large domestic animals, the follicular growth rate has been determined in sows by macroscopic observations (Dailey et al, 1976) and in three breeds of sheep by microscopic observations (Cahill & Mauléon, 1980; Turnbull et al, 1977) . In the cow, the studies of Dufour et al. (1972) , Matton et al. (1981) and Pierson & Ginther (1984) have provided pertinent information on the relative stability, replacement and growth rates of the larger follicles. Since these data were obtained with macroscopic observations, they give no information on small and medium-sized follicles. It has been suggested that growth of an antral follicle to the preovulatory stage in the cow requires 40 days (Marion & Gier, 1971) or 10 days (Priedkalns et al, 1968) . Scaramuzzi et al. (1980) used the figures obtained by Turnbull et al (1977) on the duration of mitosis in sheep (25-8 min) to estimate the rate of follicular growth in the cow. They reported that a follicle required 22 days to grow from 0-4 to 10 mm in diameter. However, the validity of these calculations is questionable, since there is disagreement between the results of Turnbull et al. (1977) and those of Cahill & Mauléon (1980) The relationship between granulosa cross-sectional area and follicular diameter is shown in Fig. 1 . Because only a few follicles with diameters similar to that of the upper and lower limits of Class 6 were non-atretic, the area of the granulosa for follicles between 3-67 and 8-56 mm was estimated from the equation for the curve in Fig. 1 and was found to be 0-74 and 1 -43 mm2 respectively (Table  1) . The cross-sectional area of the antrum showed a rapid exponential increase with increasing diameter of the follicle (Fig. 1) . Thus, while the granulosa area represented 27% of the follicular cross-section in follicles of 1 mm in diameter, it represented only 8-8 and 6-4% in follicles of 3 and 4 mm respectively. Figure 2 shows the mitotic index in follicles from control and colchicine-treated ovaries. 997-3(41-5) there was an increase in the mitotic index, with the increase being proportionally greater in follicles of Classes 4 and 5 (128 and 189% compared with 50 and 48% of Classes 2 and 3). No anaphase or telophase figures were observed in treated follicles compared with the non-treated follicles. The calculated duration of mitosis therefore differed in the various classes (Table 2) . Similarly, the time required by a follicle to pass through each class was much less for Classes 4, 5 and 6 than for Classes 2 and 3. The estimated time for a follicle to grow from 0T3 to 8-56 mm was 41-5 days, the equivalent of 2 oestrous cycles.
At Day 14 of the oestrous cycle, the total number of follicles per ovary (>0T3 mm) varies amongst animals from 127 to 490 for both ovaries of a cow, although there are similar numbers of follicles for each follicular class (Fig. 3) . The differences in the number of follicles between Cows A and E were high for Classes 2-5, but not for Class 6. Follicles of Classes 2 and 3 constituted 75% of the total follicular population studied (Fig. 4) . Atresia was negligible in these classes in which atretic follicles represented only 1-6 and 6-6% of the follicular population, whereas atretic follicles represented 30 and 67-4% in Classes 4, 5 and 6, respectively. There was a positive correlation between the mean number of follicles per class and the time required to pass through that class 
Discussion
The present observations confirm those of other workers who reported that antrum formation starts in follicles ranging from 012 to 016 mm (Mariana & Machado, 1976; Monniaux et al, 1984; Maurasse et al, 1985; Dufour & Roy, 1985) but differ from those of Marion et al (1968) and Marion & Gier (1971) who observed a discrete antrum only in follicles with a diameter of about 0-7 mm. Our results show also that the antrum can develop over a certain range of diameters (0T4-0-28mm). From the present study, growth of the antral follicles can be divided into two phases. Firstly, early growth of follicles can be attributed to an increase in the number of granulosa cells and therefore an increase in the surface of the granulosa layer. Secondly, in follicles larger than 2-5 mm, follicular growth appeared to result from antrum development rather than an increase of the number of granulosa cells. This exponential increase in the antrum surface is in agreement with the observations of Mariana & Machado (1976) .
The mitotic index for the different classes of follicles at time 0 shows a pattern similar to that reported for the cow by Scaramuzzi et al. (1980) and for the ewe by Turnbull et al. (1977) and Cahill & Mauléon (1980) . The ovaries of both species are therefore similar with respect to the absolute size at which the antrum is formed (0-13-0-20 mm) and the follicular size at which the maximum mitotic activity is observed (0-68-1-52 mm).
The colchicine-induced increase in the mitotic index of follicles of Classes 4 and 5 was not proportional to the increase seen in follicles of Classes 2 and 3. These results differ from those of Cahill & Mauléon (1980) who did not observe a clear difference between classes in the increase of mitotic index after colchicine due to the large variability in the index in treated ovaries. According to Cahill (1979) , this variability is thought to result from the difference in growth rate among follicles selected to ovulate and those in the early process of atresia. The wide variation could also have resulted from the technique used by Cahill & Mauléon (1980) to select the section analysed for diameter measurement (i.e. presence of the oocyte). Comparisons with other similar studies (Turnbull et al, 1977; Gougeon, 1982) are not possible since the mitotic index, after treatment with colchicine, was not reported for individual follicular classes. In the present study, the large difference between the mitotic index in control and treated follicles of Classes 4 and 5, the low variability and the larger number of follicles studied suggest that this difference is not an artefact. The mitotic times (79-2 min) for granulosa cells of small follicles (Classes 2 and 3) were similar to those reported by Cahill & Mauléon (1980) for sheep and by Gougeon (1982) for women, but unlike these reports, a shorter mitotic time (49-8 min) was found for larger follicles. Mamontov et al. (1980) also reported that the length of mitosis decreases with increasing rate of mitotic activity.
Oestrogens are known to stimulate mitotic division in granulosa cells (Harman et al, 1975; Richards, 1979) . Our results could be interpreted to suggest that there is a marked increase of oestradiol production in follicles larger than 0-68 mm and also that oestradiol could reduce the mitotic time of granulosa cells. Cahill & Mauléon (1980) , Scaramuzzi et al (1980) and Gougeon (1982) have used the addition of the times required by a follicle to pass through each class to estimate the time required by a follicle to grow from antrum formation to preovulatory size. Such calculations assume that there are no diurnal rhythms in cell proliferation or no differences in the rate of cell proliferation at different times of the oestrous cycle. Hirshfield (1984) has reported a diurnal variation in the mitotic index of rat granulosa cells. Although diurnal variations cannot be excluded in cows because there is no available information, it is likely that they have a much less marked effect in cows than in rodents since antral follicular growth appears to take a much longer time in cows (several weeks compared to 1-2 days in rodents). In sheep, Cahill & Mauléon (1980) have shown that follicular growth rate was similar at Day 0 and 7 of the cycle. The Estimation, however, of the time required for large follicles to grow from 3-68 to 8-56 mm (7-8 days) should be taken with caution since there is a marked variation in the mitotic index of granulosa cells of large follicles (Fig. 2) . This variation could mean that growth rate varies markedly between different follicles or that fast growth of the large follicle can result from the rapid expansion of the antrum without concomittant granulosa expansion requiring cell division. Furthermore, previous reports using follicular marking and cauterization (Dufour et al, 1972; Matton et al, 1981) , or sonography (Pierson & Ginther, 1984) suggest a differential growth rate for the large follicles during the luteal phase compared to the follicular phase.
During the development of antral follicles, Class 4 (0-68-1-52 mm) appears to be a special stage with a change in characteristics. A slightly lower cellular density and a rapid increase of antrum size suggests cellular rearrangement. The increase in mitotic index and decreased mitotic time results in increased growth rate. Finally, there is a drastic increase in the percentage of atretic follicles.
In conclusion, the ovaries of cows appear to be similar to those of sheep regarding the size at which the antrum is formed and the follicular size at which maximum mitotic activity is observed. About 2 oestrous cycles would be required for a follicle to grow from antrum formation to pre¬ ovulatory size. Follicular growth is slow in the small antral follicles but increases in follicles of 0-68-3-67 mm. This increase results not only from an increase in the mitotic index but also from a decrease in the duration of mitosis. A drastic increase in the percentage of atretic follicles is associated with an increased follicular growth rate and follicular diameter.
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